genomes are unicellular (3) . Enter C. cinerea, which develops into a macroscopic mushroom and is well-characterized genetically.
Stajich et al. (1) assembled the 36-Mb genome sequence of C. cinerea into 13 chromosomes, 9 of which include both telomeres, and identified centromeres by their high concentration of retrotransposons. Annotation was improved by access to expressed sequence tags (EST) and serial analysis of gene expression (SAGE) data. Comparison of the physical chromosome to a genetic map that covered 86% of the genome allowed the authors to observe that recombination varies along the chromosomes and that the highest rates are achieved within their distal 15%. In regions of low recombination, retrotransposons, which outnumber DNA transposons 10:1, are missing. Genes unique to C. cinerea, as well as single-copy genes, are more abundant, whereas genes with paralogs are rare. In chromosomal regions where recombination is high, multigene families are younger and tend to be tandemly oriented compared with areas where recombination is low. Synteny between C. cinerea and another mushroom-producing fungus, Laccaria lacata, with which C. cinerea shared an ancestor some 200 Ma, is recognizable over 40% of the genome. The estimate of the rate of genome rearrangement between these fungi is 3-fold higher than that seen in Saccharomyces, and is high, in general, for Eukaryotes. Stajich et al.
(1) also discovered several blocks of synteny that are much larger than expected if rearrangements occur randomly, suggesting that gene order in these regions is being conserved by purifying selection. In these large blocks, genes are unusually closely packed; genes with core, eukaryotic functions are common; the density of transcription factors is elevated; and transposons are absent. In almost all of these attributes, C. cinerea is like other eukaryotes where well-assembled and annotated genomes have been analyzed with access to good genetic data, e.g., worms (4) and other fungi, such as yeast (5) , Candida (6), and fission yeast (7) . The picture that has emerged is of a highly dynamic genome where chromosomal regions frequently duplicate, and those rare duplications that facilitate adaptation are retained (8) , with a bias toward subtelomeric regions. It is a generality that can be extended to the bacteria, where genomes can be sorted into stable regions, with genes coding for core activities, and dynamic regions, where selfish elements and genes responsible for local adaptation are more likely to be found (9, 10) .
A product of the dynamic genome, which has been implicated as a means of rapid adaptation, is change in gene However, despite significant advances related to the mechanisms of genome evolution that emerged from this analysis of the C. cinerea genome, the goal of understanding, with confidence, the genomic basis of developmental complexity remains elusive. What, then, will it take to understand the genome evolution that led to mushrooms and other complex, fungal fruiting bodies? One tack, surely, is to use the molecular biological tools available to Coprinopsis researchers to test hypotheses about FunK1 kinases, p450 genes, and hydrophobins. Another tack is to generate more hypotheses, and can there be a better hypothesis generator than comparative genomics? Which comparisons might be most informative? If mushroom producers Within the fungi, there is an amazing amount of morphological diversity.
have common genome features, comparison of C. cinerea to other macroscopic Basidiomycota, e.g., Phanerochaete (13) or Laccaria (14), would be useful. However, each of these fungi has a different approach to nutrition (living and reproducing in dung, wood, or the roots of living plants, respectively), and this diversity could confound comparisons aimed only at the development of morphological complexity. In this regard, comparison of C. cinerea with other dung fungi that are complex and multicellular, e.g., the complex dung fungus Ascobolus (Ascomycota) and the simple dung fungus Phycomyces (Mucoromycota), might control for nutritional adaptation. Similarly, comparison of Laccaria lacata with another mycorrhizal fungus, one that makes the complex reproductive structures known as truffles, Tuber (Ascomycota) (15) , might separate multicellular development from nutritional mode, as might comparison of macroscopic Basidiomycota and Ascomycota, which cause plant disease (e.g., Armillaria and Sclerotinia). Between fungi that produce large reproductive structures (e.g., mushrooms and truffles) and those that make no reproductive structures apart from the meiocytes themselves (e.g., yeasts) lie most species of the higher fungi [e.g., Neurospora (16), Aspergillus (17), Coccidioides (18), Fusarium, and the lichenized fungi]. If size does not matter, and the developmental complexity and tissue differentiation seen in these microscopic fungi reflect that seen in mushrooms and truffles, comparison of genetically tractable species with C. cinerea and relatives should also pay dividends. A pair of membranous organelles worth investigating might be the Woronin body of Ascomycota and the septal pore complex of Basidiomycota, which function to seal damaged hyphae and might have been instrumental in allowing fungi to make complex, multicellular structures (19) . Making the comparisons suggested herein, most of which can be attempted with existing genome assemblies, might not only unravel the basis of fungal complexity, but point the way for studies of plants and animals, as more of the much larger genomes found in those kingdoms become available.
